FORM PTO-1082 



00/83/90 
lllllllll 

old sn iss^t 



81870.0009 

Express Mail Label No. EL 539 009 905 US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 
Yutaka KUBA 
Serial No: Not assigned 
Filed: June 28, 2000 

For: OPTICAL MODULE AND CONNECTING 

CONSTRUCTION FOR OPTICAL MODULE 



Box PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Transmitted herewith for filing is the patent application identified above. 

6 sheet(s) of drawings (E3 formal □ informal) is(are) enclosed. 
- IE] 29 page(s) of specification and _1_ page(s) of abstract of the invention are enclosed. 
M An assignment of the invention to KYOCERA CORPORATION M is enclosed □ will follow. 

□ An associate power of attorney □ is enclosed □ will follow. 

□ A verified statement to establish small entity status under 37 C.F.R. §§ 1 .9 & 1 .27 is enclosed. 
Declaration and Power of Attorney [3 is enclosed □ will follow. 

El A certified copy of Japanese Patent Application No. 11-183264 filed June 29, 1999 from which 
priority is claimed under 35 U.S.C. § 1 19 is enclosed. 

□ IDS enclosed (□ with references). 

□ Preliminary Amendment is enclosed. 



CALCULATION OF FEES 






ITEM 


TOTAL NO. OF 
CLAIMS 




NO. OF CLAIMS 
OVER BASE 


LG/SM 
$ ENTITY FEE 


$ AMOUNT 


$ FEE 




TOTAL CLAIMS FEE 


17 


-20 


0 


LG=$18 

SM=$9 


$18 


0 




6 


INDEPENDENT CLAIMS FEE* 


3 


-3 


0 


LG=$78 
SM=$39 


$78 


0 




c 


SUBTOTAL - ADDITIONAL CLAIMS FEE (ADD FINAL COLUMN IN LINES A + B) 


$ 0 


D 


MULTIPLE-DEPENDENT CLAIMS FEE 






LARGE ENTITY FEE - $260 
SMALL ENTITY FEE = $130 


$ 0 


E 


BASIC FEE 








LARGE ENTITY FEE = $690 
SMALL ENTITY FEE = $345 


$ 690 


F 


TOTAL FILING FEE (ADD TOTALS FOR LINES C, D, AND E) 


$ 690 


G 


ASSIGNMENT RECORDING FEE 










$40 


$ 40 




"LIST INDEPENDENT CLAIMS 


,5, 7. 















"Continued on Second Page" 



A check in the amount of $ 690 to cover the filing fee is enclosed. 
13 A check in the amount of $ 40 to cover Assignment Recordation fee is enclosed. 

The Commissioner is hereby authorized to charge any deficiency for the following fees associated with this 
communication or credit any overpayment to Deposit Account No. 50-1314. A copy of this sheet is 
enclosed. 

Any additional filing fees required under 37 C.F.R. §1.16 
|3 Any patent application processing fees under 37 C.F.R. § 1 .1 7 

Please associate this application with the attorneys of record and with the correspondence address 
recorded for Customer No. 22335. 



Date: June 28, 2000 




Louis A. Mok 
Registration No. 22,585 
Attorney for Applicant(s) 



500 South Grand Avenue, Suite 1900 
Los Angeles, California 90071 
Telephone: 213-337-6700 
Facsimile: 213-337-6701 




4 



PATENT 

Attorney Docket No: 81870.0009 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 



Art Unit: 



Not assigned 



Yutaka KUBA 



Examiner: Not assigned 



Serial No: Not assigned 



Filed: June 28, 2000 



For: 



OPTICAL MODULE AND CONNECTING 
CONSTRUCTION FOR OPTICAL MODULE 



CERTIFICATE OF MAILING VIA U.S. EXPRESS MAIL 
"Express Mail" Mailing Label No. EL 539 009 905 US 
Date of Deposit: June 28, 2000 



Box PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I hereby certify that 

£3 two copies of a letter of transmittal 

IE! check in amount of $ 690 as filing fee 

S patent application ( 29 page(s) of specification : 17 claim(s); _J_ page(s) of 
abstract 

[3 6 sheet(s) of formal drawings 

|3 executed Declaration and Power of Attorney 

S assignment of the invention to KYOCERA CORPORATION 

certified copy of Japanese patent application No. 11-183264 which was filed 



June 29. 1999 from which priority is claimed in the subject case pursuant to 35 U.S.C. 



§119 

^ return postcard 

are being deposited with the United States Postal Service "Express Mail Post Office to Addressee- 
service with sufficient postage under 37 C.F.R. § 1 .10 on the date indicated above and are addressed to: 



Box PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231. 



Date: June 29, 2000 



Francisco Sandoval 



500 South Grand Avenue, Suite 1900 
Los Angeles, California 90071 
Telephone: 213-337-6700 
Facsimile: 213-337-6701 




P686US 



OPTICAL MODULE AND CONNECTING CONSTRUCTION FOR OPTICAL MODULE 

BACKGROUND OF THE INVENTION 

This invention relates to an optical module and a connecting 
construction for an optical module which are used mainly in an optical 
communication equipment or the like. 

Conventional optical modules can be roughly classified into 
those of pigtail type in which a module main body is provided with 
a pigtail cord which is connected with an external optical fiber cord 
by a connector, and those of receptacle type in which an external 
optical fiber cord is directly connected with an adapter of a module 
main body. 

In the optical modules of pigtail type, an optical fiber having 
a covering portion is present in the module and this covering portion 
not resistant to heat may be deteriorated. Accordingly, it is 
difficult to mount the optical module together with other parts on 
an electric circuit board in one step by reflow soldering. For this 
reason, the following manufacturing operations have been 
conventionally carried out. Heat-resistant parts are mounted on an 
electric circuit board by reflow soldering. Thereafter, an optical 
module is manually assembled over the electric circuit board. Such 
assembling operation is very cumbersome if a multitude of optical 
modules are necessary. 

Further, with optical modules of receptacle type, it is 
difficult to arrange external optical fiber cord connected with an 
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optical module in vicinity of a light emitting element, thereby 
necessitating an optical part such as a lens . This disadvantageously 
stands as a hindrance to miniaturization. 

A connecting construction for an optical module as shown in 
FIG. 8 is known as a construction to avoid the above problems. An 
optical module Jl is constructed such that an optical element 
(semiconductor laser diode) 63 and a short optical fiber 64 having 
one end optically coupled to the optical element 63 are arranged on 
a substrate 6 2 accommodated in a package 6 1 and a sleeve 65 accommodating 
an unillustrated ferrule mounted on an other end of the short optical 
fiber 64 is arranged at one end of the package 61. The optical module 
Jl and an optical fiber cord Kl are optically coupled by inserting 
a ferrule 67 provided at an end of the optical fiber cord Kl into 
the sleeve 65 of the optical module Jl (see Japanese Patent No . 2654538, 
for example) . 

In the above connecting construction, the optical module Jl 
and the optical fiber cord Kl are constructed separately from each 
other. Accordingly, if the circuit board with the optical fiber cord 
Kl detached is caused to go through reflow soldering or the like, 
and then the optical fiber cord Kl is mounted on an electrical circuit 
board when the optical module Jl and the optical fiber cord Kl are 
mounted on the circuit board, the optical fiber cord Kl not resistant 
to heat can be mounted on the circuit board without being exposed 
to a reflow furnace. 

On the other hand, a card type optical data link J 2 as shown 
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in FIG- 9 has been proposed to reduce the height of a PC card slot 
of a personal computer (see Japanese Unexamined Patent Publication 
No. 7-225327, for example). This link J2 is such that an optical 
module is mounted in a part of the PC card. A connector portion 71 
of the optical data link J2 is connected with a connector portion 
72 of a plug K2 accommodating optical fibers. The height of the 
connecting construction tries to be reduced by adopting such a 
construction . 

However, the above optical module Jl has an optical connector 
construction by the ferrule accommodating the short fiber and the 
sleeve. There is a limit in miniaturizing the ferrule and the sleeve 
in order to ensure high precision and strength. Specifically, the 
thickness of the module cannot be reduced smaller than the diameter 
of a usually used ferrule, i.e., about 1.25 mm. 

Further, even if miniaturization of the ferrules could be 
realized, the ferrules having a small diameter need to be abutted 
against each other. At this time, the very thin ferrules need to 
be inserted into a very small area without damaging the end faces 
thereof . Accordingly , it is extremely difficult to couple the optical 
fiber cords. For example, it should be done by using a special jig. 

There is also needed a biasing construction for pushing the 
ferrules against each other by a force of about 9.8 N in order to 
ensure a sufficient optical coupling. This requires a spare space 
on the circuit board. Particularly, a coil spring of about 5 mm is 
provided to produce a biasing force in order to establish a connection, 
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which is called "physical contact". The provision of a spring makes 
a space having a dimension of about 10 to 20 mm along the axial direction 
of the fiber inevitable, which hinders miniaturization. 

Since dirt or the like may attach to an end of an optical fiber 
during ref lowing, a superfluous member such as a protection cover 
is required, causing a cumbersome handling and an unnecessary cost. 

In the connecting construction shown in FIG. 9 as well, the 
thickness of the connector portion is restricted, which hinders 
reduction in the height of the optical data link. 

While the PC card is accommodated inside a main body of a laptop 
computer, a semiconductor laser which produces a large amount of heat 
is formed in a main body of the PC card. Accordingly, heat is produced 
inside the main body of the laptop computer. Further, a large amount 
of heat produced by other electric modules inside the main body of 
the laptop computer may adversely affect the semiconductor laser or 
like optical element which is not resistant to thermal change. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an optical module 
and a connecting construction for an optical module which are free 
from the problems residing in the prior art. 

It is another object of the invention to provide an optical 
module and a connecting construction for an optical module which enable 
secure and easy mounting on an electric circuit board, and has an 
excellent reliability. 
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According to an aspect of the invention, an optical module 
comprises a substrate; an electric connection terminal provided on 
the substrate; an optical element provided on the substrate, the 
optical element being connected with the electric connection terminal ; 
and one end of a slender light transmitter fixed on the substrate 
and optically coupled with the optical element. 

According to another aspect of the invention, an optical module 
comprises a substrate; an electric connection terminal provided on 
the substrate; a planer lightwave circuit provided on the substrate, 
the planer lightwave circuit being connected with the electric 
connection terminal; and an optical fiber partially provided on the 
substrate and optically coupled with the planer lightwave circuit . 

According to still another aspect of the invention, a 
combination comprises a connector connectable with an electric circuit 
board and an optical module- The optical module is provided with 
a substrate ; an electric connection terminal provided on the substrate , 
the electric connection terminal electrically connectable with the 
connector; an optical element provided on the substrate, the optical 
element being connected with the electric connection terminal; and 
one end of a slender light transmitter fixed on the substrate and 
optically coupled with the optical element. 

With these construction, it may be possible to first mount 
the connector on an electric circuit board, and thereafter mount the 
optical module having the light transmitter or optical fiber. 
Accordingly, the optical module can be mounted on the electric circuit 
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board without the heat -vulnerable light transmitter or optical fiber 
being subject to the high temperature circumstance- Thus , the optical 
module can be mounted on an electric circuit board more accurately 
and easily, which consequently assures highly reliable performance. 

These and other objects , features and advantages of the present 
invention will become more apparent upon a reading of the following 
detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a plan view showing connection of an optical module 
and a socket according to an embodiment of the invention, a lid of 
the optical module being removed; 

FIG. IB is a side view of the optical module and the socket 
shown in FIG. 1A, partially showing their respective internal 
constructions ; 

FIG. 2 is an exploded perspective view showing an optical fiber 
connector; 

FIG. 3 is a perspective view showing a state where the optical 
fiber connector is connected with a PC card for data link; 

FIG. 4 is a plan view partially in section showing connection 
of an optical module and a socket according to another embodiment 
of the invention; 

FIG. 5A is a plan view showing connection of an optical module 
and a socket according to still another embodiment of the invention; 

FIG. 5B is a partially sectional view of the optical module 
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and the socket shown in FIG. 5B; 

FIG. 6 is a partially sectional view showing an optical module 
according to further embodiment of the invention; 

FIG. 7 is a partially sectional view showing an optical module 
according to still further embodiment of the invention; 

FIG. 8 is a perspective view showing a conventional optical 
module connection; and 

FIG. 9 is a perspective view showing a conventional PC card 
type optical module connection. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 
FIGS. 1A and IB show a card type optical module Ml and a socket 
SI for connecting the optical module Ml. A lid provided on a top 
surface of the optical module Ml is not shown in FIG. 1A, and the 
optical module Ml and the socket SI which serves as a connector portion 
are shown partly in section in FIG. IB. It is assumed that the socket 
SI is mounted on a circuit board. 

The optical module Ml is fabricated as follows : connection 
terminals 2 formed of copper wires are provided at one end la of a 
package 1 which is a flat base made of ceramic or like material, and 
optical elements connected with the connection terminals 2. The 
optical elements include a light emitting element 3 such as a 
semiconductor laser, a light receiving element 4 such as a photodiode 
for monitoring the light emitting element 3, and an optical fiber 
5 serving as slender light transmitter having one end optically coupled 
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to the light emitting element 3. They are arranged on a substrate 
6 . Further, an optical fiber cord 10 formed by covering the optical 
fiber 5 by a resin layer is connected with the other end of the optical 
fiber 5. In other words, at least one end of the optical fiber 5 
is arranged in the package 1. 

A V-shaped groove for mounting the optical fiber 5 is formed 
in a main surface of the substrate 6 with high precision by anisotropic 
etching. The optical fiber 5 is accurately positioned in this V-shaped 
groove, and a pressing plate 7 is provided above the V-shaped groove 
so as to prevent the optical fiber 5 from moving. Accordingly, the 
light emitting element 3 and the optical fiber 5 can be optically 
coupled with high precision. Further, electrode pads 8 drawn from 
the light emitting element 3 and the light receiving element 4 are 
formed on the main surface of the substrate 6 . The thus formed 
substrate 6 is provided in the package 1, and the electrode pads 8 
formed on the substrate 6 are connected to the connection terminals 
2 by bonding wires 9 . 

On the other hand, in the socket SI having mount terminals 
11 used to surface-mount the socket SI on the circuit board, connection 
terminals 12 connected with the mount terminals 11 and made of a metal 
such as stainless steel or bronze phosphor into the form of a leaf 
spring extend to a space 13 having a front insertion opening. The 
one end la, which is thin, of the optical module Ml is inserted into 
the opening 13 of the socket SI to connect the connection terminals 
2 of the optical module Ml and the connection terminals 12 of the 
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socket SI . This arrangement enables driving of the optical elements . 

Next, a manner of mounting the socket SI and the optical module 
Ml on the electric circuit board is described. First, the socket 
SI is connected onto the electric circuit board by ref low soldering 
or the like using the mount terminals 11. The socket SI is exposed 
to a high temperature of 200QC to 300° C since SnPb solder is normally 
used to fix the socket SI to the electric circuit board in a ref lowing 
furnace. Since a coating of the optical fiber cord 10 connected with 
the optical module Ml is deteriorated at a temperature exceeding 100SC , 
the optical module Ml cannot be permitted to pass through the ref lowing 
furnace in the state where it is connected with the socket SI. For 
this reason, the optical module Ml is detached from the socket SI, 
and only the socket SI is mounted on the electric circuit board. 
Accordingly, the optical fiber cord 10 is not exposed to a 
high- temperature atmosphere. 

After the socket SI is secured on the electric circuit board 
by being passed through the ref lowing furnace, the optical module 
Ml is mounted on the electric circuit board by inserting the one end 
la of the optical module Ml into the socket SI mounted on the electric 
circuit board. With the optical module Ml inserted in the socket 
SI, the optical module Ml is held between the electric circuit board 
and the socket SI and a package bottom surface lb of the optical 
module Ml comes into contact with the electric circuit board. 
Consequently, the optical module Ml is firmly fixed. 

As described above, according to the connecting construction 
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for the optical module Ml, the optical fiber cord not resistant to 
heat is not be exposed to a high -temperature atmosphere when the 
thin optical module is mounted on the electric circuit board by ref low 
soldering . With the conventional optical modules , optical connectors 
have been used to attach and detach optical fiber cords. Thus, it 
has been difficult to miniaturize the prior art optical module because 
structural members such as ferrules and sleeves are used. Since the 
optical fiber cord is electrically connected in this embodiment unlike 
those conventional optical modules , space saving can be easily realized 
and the optical module itself can be fabricated in smaller size. 

Further, the optical module Ml and the socket SI need not be 
pressed against each other to ensure an electrical contact therebetween . 
This obviates the need for a coil spring or the like member which 
requires a large space, consequently making it possible to produce 
a miniaturized module and socket easily. When the optical module 
is attached and detached, no consideration needs to be taken for the 
protection of the end face unlike the conventional optical connector. 
This provides a satisfactory operability. Further, in the case of 
using an optical connector whose performance is considerably reduced 
if small dirt is attached thereto, a cover needs to be mounted to 
protect dirt from attaching to the end face of the optical connector 
while passing through the ref lowing furnace. Such a consideration 
is absolutely unnecessary for the inventive connecting construction 
by electrical contact. 

Furthermore, the socket SI is formed with the space 13 for 
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receiving the optical module Ml. The space 13 is opened at the front 
of the socket 1 that faces the optical module Ml and at the bottom 
of the socket SI that faces the electric circuit board. This makes 
it possible to produce the socket SI more easily. Also, the socket 
SI has an enhanced heat dissipation. 

It may be appreciated to provide a driver element for driving 
the optical elements (i.e. , the light emitting element 3 and the light 
receiving element 4) in the socket SI. It has been known that a 
driver element for driving an optical element generally generates 
a greater heat, and optical elements are highly influenced by 
temperature variation as mentioned earlier. Comparing with the 
conventional optical module provided with optical elements and a driver 
element for them, accordingly, the inventive construction of providing 
optical elements and an optical element driver element separately 
is advantageous in the performance stabilization of optical element. 

Also, it may be appreciated to make the socket SI by a material 
having a higher thermal conductivity than a material constituting 
the optical module Ml. Specifically, the main body of the socket 
SI for holding the connection terminal 12 is made of a material having 
a higher thermal conductivity than the substrate of the optical module 
Ml or the package 1 to keep the heat of the driver element from 
transmitting to the optical module from the socket SI. For example, 
the substrate of the optical module Ml is made of such ceramics as 
alumina or resin to have a thermal conductivity of 50 W/mk or lower. 
On the other hand, the main body of the socket SI is made of a metal 
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(e.g. , Cu-W, stainless) or such ceramics as aluminium nitride to have 
a thermal conductivity of 100 to 400 W/mk. This construction causes 
most of the heat generated by the driver element in the socket SI 
not to transmit to the optical module Ml but to the electric circuit 
board connected with the socket SI . Accordingly , the optical elements 
in the optical module Ml is little subject to the heat of the driver 
element . 

It has been known that an optical element (particularly, 
semiconductor leaser) and a driver element for driving the optical 
element are significant elements for the performance (particularly, 
operation speed or frequency) of an optical module. However, it 
is not easy to match them to attain best performance. For example, 
there is likely to occur an occasion that an optical element having 
a high performance (e.g. , 10 GBPS) is combined with a driver circuit 
having a lower performance (e.g., 2.5 GBPS). In this case, the 
performance of the combination incomes to the lower performance or 
2.5 GBPS. Against this drawback, the inventive construction is 
advantageous because of the provision of optical elements and driver 
element in the separable parts. Specifically, the optical module 
Ml and the socket SI carrying the driver element can be individually 
replaced with a higher performable one. In the above-mentioned 
example, the socket carrying the driver circuit having the lower 
performance of 2.5 GBPS will be replaced with a socket carrying a 
driver element having a higher performable socket having a high 
performance of 10 GBPS when the high performable socket is available. 
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thereby raising the performance of the optical module to the high 
performance of 10 GBPS. In other words, a part having a lower 
performance or other drawback can be separably replaced with a better 
one. Thus, the performance of an entire system can be raised more 
easily. 

In optical modules capable of transmitting a large amount of 
data or having a high transmission frequency, there is the likelihood 
that an optical element provided in the optical module is influenced 
by external noises to lower the performance of the optical module . 
For example, an optical element for converting an electric signal 
to an optical signal receives a noticeable magnitude of electromagnetic 
wave, consequently generating an unnecessary signal to cause a 
maloperation. A drive circuit which is located near the optical 
element is likely to generate such undesirable electromagnetic wave. 
However, the inventive construction of providing optical elements 
and driver element in the separable parts enable shielding of optical 
elements and driver element individually to prevent the optical 
elements from being subject to noises or electromagnetic wave generated 
by a drive circuit. Thus, the performance of the optical module can 
be assuredly raised. 

Next, another embodiments of the invention will be described. 
It should be noted that detailed description of the same or similar 
parts as those of FIGS. 1A and IB is omitted. 

In FIG. 2, an optical module main body 15 having the construction 
shown in FIGS. 1A and IB is inserted into a holder 16 for holding 
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and locking the optical module main body 15 in the direction of arrow, 
and is further held by a presser 17 so as not to come out of the holder 
16. A connection terminal (connection electrode) 18 of the optical 
module main body 15 is exposed to a connection side of the holder 
16 . Let an assembly in which the optical module main body 15 is enclosed 
in the presser 17 for locking at an end of an optical fiber cord 19 
and the connection terminal 18 is electrically connectable with an 
external device by the holder 16 be called "optical fiber connector" . 

The inventive optical module main body 15 can be formed thin 
using a monocrystalline silicon substrate . For instance , the silicon 
substrate shorter than 1 mm is sufficient, and the entire optical 
module including a package can be about 2 to 3 mm in thickness . Further , 
since the holder 16 can be formed of resin or the like to have a thickness 
of about 0.5 mm, the thickness of the optical fiber connector can 
be about 5 mm or smaller. 

This optical fiber connector can be connected with a PC card 

20 for data link, for example, as shown in FIG. 3. Specifically, 
an illustrated socket is arranged in vicinity of a connection opening 

21 of the PC card 20 for data link. The connection electrode of the 
optical fiber connector 22 having the construction described with 
reference to FIG. 2 is inserted into the socket to establish an 
electrical connection and locked and held in the opening 21 of the 
PC card 20 by a locking construction 23 formed in the optical fiber 
connector 22. 

The PC card 20 called Type II by the standards has a thickness 
14 
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of 5 mm. In the case that a conventional optical connector is used, 
it is impossible to thin it due to the use of structural parts such 
as ferrules . The thickness of the conventional optical module shown 
in FIG. 9 can only be reduced to as small as 5 mm by omitting some 
parts of the PC card. However, it is known that optical connections 
are very unstable if there is provided no sufficient locking force. 
In the conventional connection shown in FIG. 9, it is difficult to 
securely obtain a sufficient optical connection since some parts of 
the locking construction are omitted. By using the optical fiber 
connector 22 according to this embodiment, designing of the optical 
module with sufficient margins is enabled even if thickness is 5 mm 
or smaller. Thus , this optical fiber connector can provide a function 
necessary and sufficient as a connector for PC card in data 
communication using optical fibers . 

The PC card 20 is accommodated in amain body of a laptop computer. 
In the conventional optical module shown in FIG. 9, the main body 
of the laptop computer is heated by a large amount of heat which is 
generated by light emitting elements or the like provided in the main 
body of the laptop computer . Further , heat produced in large quantity 
by other electric modules may influence optical elements not resistant 
to thermal change in the main body of the laptop computer. 

On the other hand, since the inventive optical fiber connector 
22 is provided outside the main body of the laptop computer together 
with the optical fiber, the generated heat escapes to the outside. 
Also, the optical module in the connector is not subject to heat from 
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the main body of the laptop computer. Further, the socket is mounted 
on the PC card by reflowing or other like in the same way as being 
mounted on an electric circuit board. This will improve the production 
efficiency of PC cards. 

Next will be described an example in which an inventive optical 
module is applied as a transmission/reception module. In FIG. 4, 
an optical module M2 having a construction similar to that shown in 
FIGS. 1A and IB is used as a transmission/reception module. A socket 
S2 has also a similar construction to the socket shown in FIGS. 1A 
and IB. 

Specifically, a signal outputted from an external optical 
module or the like is inputted to a fiber 25 for reception, and sent 
to an planer lightwave circuit 26 connected with the reception fiber 
25. An output from the planer lightwave circuit 26 is transmitted 
to the outside via an optical fiber 27 for transmission. By using 
a double-core tape fiber 28, the planer lightwave circuit 26, etc., 
the optical module which receives and transmits the signal in one 
step can also be fabricated in small size . The planer lightwave circuit 
26 is a circuit on which a slender light transmitter, various optical 
elements, other optical and electronic parts are integrated. 

The planer lightwave circuit 26 is arranged on a substrate 
6a (i.e. , second base member) similar to the substrate 6 of the optical 
module Ml shown in FIGS. 1A and IB. The substrate 6a (i.e., first 
base member) is mounted in a package lb similar to the package 1 of 
the optical module Ml. Connection terminals 2a similar to the 
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connection terminals 2 of the optical module Ml are formed at one 
end of the package lb. Further, the substrate 6a is formed with 
conductors for connecting the planer lightwave circuit 26 with the 
connection terminals 2a. 

Next, another embodiment of the invention will be described 
with reference to FIGS. 5A and 5B. In an optical module M3, a light 
emitting element 31 and a light receiving element 32 are mounted on 
a plate-like substrate 30 . The substrate 30 is formed with a V-shaped 
groove precisely positioned. The light emitting element 31 and an 
optical fiber 33 are optically coupled by arranging the optical fiber 
33 in the V-shaped groove. Further, electrode pads 34 drawn from 
the light emitting element 31 and the light receiving element 32 are 
formed on the substrate 30. A slanted surface 35 is formed at the 
portion of the substrate 30 where ends of the electrode pads 34 are 
located. The light emitting element 31, the light receiving element 
32 , and the optical fiber 33 mounted on the substrate 30 are protected 
by a transparent resin 36 . A socket S3 has a construction similar 
to the socket SI shown in FIGS. 1A and IB. The slanted surface 35 
can eliminate the likelihood that the leading end of the electrode 
pads 34 is chipped by the connection terminal 12 of the socket S3 
when being inserted into the socket S3. 

In this way , the light emitting element 31 and the light receiving 
element 32 are protected by the transparent resin 34 or the like, 
and the electrode pads 34 formed on the substrate 30 used as an auxiliary 
mount in the optical module are used as connection terminals to 
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establish an electrical connection. Thus, the entire optical module 
can be miniaturized. As a result, a portion which has been 
conventionally connected with a package by wire bonding or like means 
becomes unnecessary, and the fabrication process can be remarkably 
simplified. 

Still another embodiment of the invention will be described 
with reference to FIG. 6. An optical module M4 of this embodiment 
is formed with electrode terminal 38 in a package 37 (first base member) 
made of ceramic, metal or plastic as to extend from its inner side 
37a to its outer side 37b. Also, a light emitting element 40, a light 
receiving element 41, and an optical fiber 42 are arranged on an 
auxiliary mount 39 (second base member) . The light emitting element 
40 and the optical fiber 42 are positioned and optically coupled with 
each other. The optical fiber 42 is fixed by a pressing plate 43. 

An electrode pad 44 is formed at one end of the auxiliary mount 
39, and electrically connected with the light emitting element 40 
and the light receiving element 41, respectively. The electrode pad 
44 on the auxiliary mount 39 , on which the light emitting and receiving 
elements 40 and 41 and the like are mounted, are electrically connected 
with the electrode terminals 38 formed on the package 37 by conductive 
adhesive, solder or like means. Since wire bonding conventionally 
used to establish an electrical connection is not used, the reflection 
and loss of an electric circuit can be reduced. This property is 
particularly satisfactory in the case of an optical module utilizing 
signals of high frequency. Further, since a larger contact area can 
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be provided as compared with conventional wire bonding, the radiation 
characteristic is better, consequently reducing the influence of heat 
to the optical elements . 

FIG. 7 shows an optical module according to further embodiment 
of the invention . An optical module M5 is provided with a light emitting 
element 46, light receiving element 47, optical fiber 48, pressing 
plate 49 and the like are mounted on an auxiliary mount 45 (second 
base member) . The light emitting element 46 and the light receiving 
element 47 are protected by a transparent resin 50 . Also , the optical 
module M5 is provided with a terminal board 52 (first base member) 
having electrode terminals 51 for connection is made of plastic, 
ceramic, glass, glass epoxy resin, or like material. 

An electrode pad 53 is formed on the auxiliary mount 45, and 
is connected with the electrode terminal 51 on the terminal board 
52 by a conductive adhesive, solder or like means in the same manner 
as the optical module shown in FIG. 6 . The thus fabricated auxiliary 
mount 45 is enclosed by a package 54 by injection molding. 

In the optical module M5, the terminal board 52 is separately 
formed. Thus, a material different from those of the package 54 and 
the auxiliary mount 45 can be selected to ensure strength for the 
terminal board 52. For instance, a highly rigid material (e.g., 
ceramics) maybe selected, or alternatively a flexible material (e.g. , 
soft polymer resin) may be selected to let stress escape by being 
deformed. 

According to the inventive optical module and its connection 
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construction, only a socket serving as connector can be mounted on 
an electrical circuit board by reflow soldering or like means, and 
an optical module having an optical fiber cord can be mounted at a 
later stage . This can keep the optical fiber cord from being exposed 
to a high- temperature atmosphere. 

Further, it can be unnecessary to do the optical connection 
of optical elements over an electric circuit board that has 
conventionally required a high precision . Connection of an optical 
module with an electric circuit board can be realized by electrical 
contact which enables a sufficient signal transmission even in a small 
space. Therefore, not only the optical module but also the entire 
electric circuit board can be miniaturized and thinned. 

In the conventional optical modules, there is the necessity 
of placing a cover over an optical connection portion to keep dirt 
or the like from attaching onto the optical connection portion when 
being passed through a ref lowing furnace. This is a cumbersome 
operation . As compared to the conventional optical modules , the 
inventive optical module and connection construction are not 
influenced at all by dirt in the ref lowing furnace. Thus, the 
inventive optical module can be more easily mounted on an electric 
circuit board. 

Further, in the conventional optical connection, the end faces 
of the thin ferrules are abraded and a special care is taken to connect 
them so as not to be unnecessarily damaged or scratched when being 
abutted against each other . According to the inventive optical module 
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and connection construction, connection of the optical module with 
an electric circuit board is realized by an electrical contact. 
Accordingly, the electrical contact can be established even if there 
are fine scratches in a contact surface, which enables signals to 
be transmitted without any problem or influence of scratches, thus 
assuring easier handling. 

The assembling cost can be remarkably reduced by the passive 
alignment technique. Also, the size of optical module can be reduced 
by using a substrate having a small outer configuration, and a thin 
optical module, which can be very easily mounted, can be fabricated. 

Further, the use of a silicon substrate, which can be highly 
precisely processed by the anisotropic etching technique, as a 
substrate for optical module makes it possible to embed an optical 
fiber, which further reduces the height of the optical module. More 
specifically, auxiliary mounts precisely made of ceramic or glass 
have been conventionally frequently used as a high precision auxiliary 
mount . Such substrates are made to have a thickness greater than 
a specified value in order to ensure a strength durable against 
processing. However, the processing by anisotropic etching, which 
is done in the foregoing embodiments , employs no mechanical processing. 
Accordingly, a force exerted on the substrate is small, and the outside 
dimension of the substrate can be made smaller. Thus, the optical 
module can be further thinned by using, as a base member, a silicon 
substrate to which anisotropic etching is applied. 

Further , in the case that the inventive optical module is applied 
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to a PC card of a personal computer, since the signal connection is 
made by an electric contact, a thin connector or socket can be used, 
thus reducing the height of the PC card considerably. 

Furthermore, the socket used to connect the inventive optical 
module has its electric terminal connected to an electric circuit 
board by soldering or like means. Since no optical fiber cord is 
arranged yet at the stage of connecting the electric terminal to the 
electric circuit board, the socket can be mounted on the electric 
circuit board together with other electric devices by reflowing or 
the like. The optical module functions as such by connecting the 
optical module having the optical fiber cord with the socket after 
reflowing. The inventive optical module can be easily mounted on 
an electric circuit board. Also, the inventive connection 
construction assures excellent and reliable connection. 

It should be appreciated that the foregoing embodiments are 
nothing but examples of the present invention. For example, light 
from a slender light transmitter such as an optical fiber may be 
optically coupled to a light receiving element as an optical element. 
Various changes and improvements can be made without departing from 
the scope and spirit of the invention. 

As described above, an inventive optical module comprises a 
substrate , an electric connection terminal provided on the substrate , 
and an optical element provided on the substrate . The optical element 
is connected with the electric connection terminal. Further, there 
is provided one end of a slender light transmitter fixed on the substrate 
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and optically coupled with the optical element . 

Also, an inventive optical module is constructed by a substrate 
which, are provided with an electric connection terminal provided, 
a planer lightwave circuit , and an optical fiber . The planer lightwave 
circuit is connected with the electric connection terminal. The 
optical fiber partially provided on the substrate and optically coupled 
with the planer lightwave circuit. 

Further, an inventive combination comprises a connector 
connectable with an electric circuit board, and an optical module 
including a substrate, an electric connection terminal provided on 
the substrate, the electric connection terminal electrically 
connectable with the connector, an optical element provided on the 
substrate, the optical element being connected with the electric 
connection terminal, and one end of a slender light transmitter fixed 
on the substrate and optically coupled with the optical element. 

These constructions make it possible to first mount only the 
connector on an electric circuit board by reflow soldering or the 
like means . and thereafter mount the optical module having the slender 
light transmitter or optical fiber. Accordingly, the optical module 
can be mounted on an electric circuit board without the heat -vulnerable 
light transmitter or optical fiber being subject to the high 
temperature circumstance. The optical module can be mounted on an 
electric circuit board more easily and accurately. Thus, the optical 
module will ensure highly reliable performance. 

The substrate may be constructed by a first base member and 
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a second base member. The first base member is provided with the 
electric connection terminal, and the second base member is provided 
with the optical element or planer lightwave circuit, and the slender 
light transmitter or optical fiber. With this construction, the 
first base member carrying the electric connection terminal and the 
second base member carrying the optical element and light transmitter 
can be individually fabricated, and are united into one body. 
Accordingly, the optical module can be produced at a higher efficiency . 

The second base member may be mounted on the first base member. 
The two members can be positioned to each other more easily and 
accurately. 

There may be provided a protector on the substrate for protecting 
the optical element and the slender light transmitter. The protector 
keeps the optical element and light transmitter from the air, 
consequently enhancing the reliability of operation. 

The electric connection terminal may be provided at a leading 
end of the substrate or the first base member. The connector may 
be formed with a reception space for receiving the leading end of 
the substrate or the first base member. Also, the connector may be 
provided with an electric connection terminal connectable with the 
electric connection terminal on the substrate or the first base member 
when the leading end of the substrate or the first base member is 
placed in the reception space. With this construction, the optical 
module can be firmly held by the connector, thereby raising the 
connection reliability. 
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The reception space may be opened to the electric circuit board. 
The electric connection terminal provided in the connector may be 
provided with a spring force, and exposed to the reception space. 
This construction can ensure more increased connection reliability. 

A main body of the connector may be made of a material having 
a thermal conductivity higher than the substrate or the first base 
member. This construction can prevent the heat generated in the 
connector from transmitting to the optical module more effectively, 
thus assuring an enhanced operation reliability. 

This application is based on patent application No. 11-183264 
filed in Japan, the contents of which are hereby incorporated by 
references . 

As this invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof, the 
present embodiment is therefore illustrative and not restrictive, 
since the scope of the invention is defined by the appended claims 
rather than by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equivalence of such 
metes and bounds are therefore intended to embraced by the claims. 
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WHAT IS CLAIMED IS: 

1. An optical module comprising: 
a substrate; 

an electric connection terminal provided on the substrate; 

an optical element provided on the substrate, the optical 
element being connected with the electric connection terminal; and 

one end of a slender light transmitter fixed on the substrate 
and optically coupled with the optical element. 

2 . The optical module according to claim 1 , wherein the substrate 
includes a first base member and a second base member, the first base 
member being provided with the electric connection terminal, and the 
second base member being provided with the optical element and the 
slender light transmitter. 

3 . The optical module according to claim 2 , wherein the second 
base member is mounted on the first base member. 

4. The optical module according to claim 1, further comprising 
a protector formed on the substrate for protecting the optical element 
and the slender light transmitter. 

5. An optical module comprising: 
a substrate; 

an electric connection terminal provided on the substrate; 
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a planer lightwave circuit provided on the substrate , the planer 
lightwave circuit being connected with the electric connection 
terminal; and 

an optical fiber partially provided on the substrate and 
optically coupled with the planer lightwave circuit . 

6 . The optical module according to claim 5 , wherein the substrate 
including a first base member and a second base member, the first 
base member being provided with the electric connection terminal, 
and the second base member being provided with the planer lightwave 
circuit and the optical fiber. 

7. A combination comprising: 

a connector connectable with an electric circuit board; and 
an optical module including: 
a substrate; 

an electric connection terminal provided on the 
substrate, the electric connection terminal 
electrically connectable with the connector; 

an optical element provided on the substrate, the 
optical element being connected with the electric 
connection terminal; and 

one end of a slender light transmitter fixed on 
the substrate and optically coupled with the optical 
element . 



27 



P686US 



8. The combination according to claim 7 , wherein the substrate 
includes a first base member and a second base member, the first base 
member being provided with the electric connection terminal, and the 
second base member being provided with the optical element and the 
slender light transmitter. 

9 . The combination according to claim 8 , wherein : 

the electric connection terminal is provided at a leading end 
of the first base member; and 

the connector is formed with a reception space for receiving 
the leading end of the first base member, and is provided with an 
electric connection terminal connectable with the electric connection 
terminal on the first base member when the leading end of the first 
base member is placed in the reception space. 

10. A combination according to claim 9, wherein the reception 
space is opened to the electric circuit board. 

11. A combination according to claim 10, wherein the electric 
connection terminal provided in the connector has the form of a spring 
and is exposed to the reception space. 

12. A combination according to claim 8, wherein a main body 
of the connector is made of a material having a thermal conductivity 
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higher than the first base member. 

13. The combination according to claim 7, wherein: 

the electric connection terminal is provided at a leading end 
of the substrate; and 

the connector is formed with a reception space for receiving 
the leading end of the substrate, and is provided with an electric 
connection terminal exposed to the reception space and connectable 
with the electric connection terminal of the substrate when the leading 
end of the substrate is placed in the reception space. 

14. A combination according to claim 13, wherein the reception 
space is opened to the electric circuit board. 

15. A combination according to claim 14, wherein the electric 
connection terminal provided in the connector has the form of a spring 
and is exposed to the reception space. 

16. A combination according to claim 7, wherein the optical 
module is further provided with a protector on the substrate for 
protecting the optical element and the slender light transmitter. 

17. A combination according to claim 7, wherein a main body 
of the connector is made of a material having a thermal conductivity 
higher than the substrate. 
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ABSTRACT OF THE DISCLOSURE 

An optical module includes a flat substrate, an electric 
connection terminal provided on the substrate, an optical element 
provided on the substrate, the optical element being connected with 
the electric connection terminal, and one end of a slender light 
transmitter fixed on the substrate and optically coupled with the 
optical element. The electric connection terminal is connectable 
with an external connector. The connector (or socket) is first 
mounted on an electric circuit board by ref low soldering or the like, 
and then the optical module having the slender light transmitter (or 
optical fiber) is electrically connected with the connector. 
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